Background: The base excision repair (BER) pathway removes DNA damage caused by ionizing radiation, reactive oxidative species and methylating agents. OGG1 and APE1 are two important genes in the BER pathway. Many epidemiological studies have evaluated the association between polymorphisms in the two BER genes (OGG1 Ser326Cys and APE1 Asp148Glu) and breast cancer risk. However, the results are inconsistent. Methods: We searched the electronic databases including PubMed, Embase and Cochrane library for all eligible studies for the period up to February 2014. Data were extracted by two independent authors and pooled odds ratios (ORs) with corresponding 95% confidence intervals (CIs) were used to assess the strength of the association. Results: A total of 17 studies including 9,040 cases and 10,042 controls were available for OGG1 Ser326Cys polymorphism and 7 studies containing 2,979 cases and 3,111 controls were included for APE1 Asp148Glu polymorphism. With respect to OGG1 Ser326Cys polymorphism, we did not find a significant association with breast cancer risk when all eligible studies were pooled into the meta-analysis. However, in subgroup analyses by ethnicity and menopausal status, statistical significant increased breast cancer risk was found in Asian populations (Cys/Cys vs. Ser/Ser: OR = 1.157, 95% CI 1.013-1.321, P = 0.011; Cys/Cys vs. Ser/Cys + Ser/Ser: OR = 1.113, 95% CI 1.009-1.227, P = 0.014) and postmenopausal patients (Cys/Cys vs. Ser/Cys + Ser/Ser: OR = 1.162, 95% CI 1.003-1.346, P = 0.024). In subgroup analysis according to quality score, source of control, and HWE in controls, no any significant association was detected. With respect to APE1 Asp148Glu polymorphism, no significant association with breast cancer risk was demonstrated in the overall and stratified analyses. Conclusions: The present meta-analysis suggests that the OGG1 Ser326Cys polymorphism may be a risk factor for breast cancer in Asians and postmenopausal patients. Further large and well-designed studies are needed to confirm this association. Virtual Slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/ vs/1156934297124915
Background
Breast cancer is currently the most frequently occurring cancer and one of the leading causes of cancer-related death of females worldwide, which has become a major public health challenge [1, 2] . Breast cancer is a heterogeneous disease such that they may have different prognoses and respond to therapy differently despite similarities in histological types, grade and stage [3, 4] . Because of the heterogeneity of breast cancer, the mechanism of breast carcinogenesis is still not fully understood. It has been well established that exposure to various endogenous and exogenous mutagens or carcinogens played a critical role in the development of breast cancer [5, 6] . The exposures can lead to DNA damage which, if remained unrepaired, may result in genetic instability and unregulated cell growth, and eventually breast cancer [7] . The DNA repairing systems, composed of many DNA repair genes, play a critical role in removing damaged genes resulting from endogenous and exogenous mutagenic exposures, and maintaining the genomic integrity and preventing carcinogenesis.
The base excision repair (BER) pathway is one of the most important DNA repair mechanisms responsible for the repair of DNA damage. It is the most common route for removal of small lesions from DNA and is an important part of cellular defense against a large variety of structurally unrelated DNA lesions. It is believed to be the predominant pathway used for removal of oxidized and many alkylated bases [8, 9] . BER is initiated by recognition and excision of damaged base by the specific DNA glycosylase. Mammalian cells contain a series of different genes (each with a specialized function), of which 8-oxoguanine glycosylase-1 (OGG1), and apurinic/apyimidinic endonuclease 1 (APE1) genes are two key enzymes in this repair pathway [10] . OGG1 maps on chromosome 3p26.2 and encodes the DNA repair enzyme OGGl responsible for the excision of 8-oxo-7, 8-dihydroguanine (8-oxoG) and other oxidatively damaged DNA bases. The APEX1 gene consists of five exons and four introns spanning 2.21 kb. This gene is located on chromosome 14q11.2-q12. By hydrolyzing 3'-blocking fragments from oxidized DNA, APEX1 produces normal 3'-hydroxyl nucleotide termini that are necessary for DNA repair synthesis and ligation at single-or double-strand breaks [11, 12] . Many single nucleotide polymorphisms in the OGG1 and APEX1 gene have been reported, including the commonly occurring Ser326Cys in OGG1 (rs1052133 in dbSNP) and Asp148Glu in APEX1 (rs3136820 in dbSNP). These nonconservative amino acid alterations have been reported to reduce DNA repair activity and consequently increase cancer risk [13, 14] .
To date, many epidemiological studies have been performed to evaluate the association between OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms and breast cancer risk, but the results remain conflicting rather than conclusive. With respect to APEX1 Asp148Glu polymorphism, a meta-analysis by Wu et al. [15] found that the APEX1 Asp148Glu polymorphism may not contribute to breast cancer risk, however, they failed to include all eligible studies in the meta-analysis [16, 17] , which make their conclusions questionable. With respect to OGG1 Ser326Cys polymorphism, two meta-analyses [18, 19] investigating the same hypothesis, quite similar in methods and performed almost at the same time, yielded different conclusions. Furthermore, the two previous meta-analyses did not cover all eligible studies [16, 17, [20] [21] [22] . The exact relationship between genetic polymorphisms of OGG1 Ser326Cys and APEX1 Asp148Glu and breast cancer susceptibility has not been entirely established. To provide the most comprehensive assessment of the associations between OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms and breast cancer risk, we performed an updated meta-analysis of all available studies.
Methods

Search strategy
We conducted a comprehensive literature search in PubMed, Embase, and Cochrane library databases for all eligible studies (updated to February 01, 2014) using the following search strategy: ("breast cancer") and ("OGG1", "hOGG1", "APEX1" or "APEX") and ("polymorphism", "variation", "mutation", "genotype", or "genetic polymorphism"). There was no restriction on time period, sample size, population, language, or type of report. All eligible studies were retrieved and their references were checked for other relevant studies. The literature retrieval was performed in duplication by two independent reviewers (Qiliu Peng and Shi Yang). When multiple publications reported on the same or overlapping data, we chose the most recent or largest population. When a study reported the results on different subpopulations, we treated it as separate studies in the meta-analysis.
Selection criteria
Studies were included if they met the following criteria: (1) Case-control studies which evaluated the association between OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms and breast cancer risk; (2) had an odds ratio (OR) with 95% confidence interval (CI) or other available data for estimating OR (95% CI); and (3) control population did not contain malignant tumor patients. Studies were excluded if one of the following existed: (1) no control population; (2) duplicate of previous publication; and (3) insufficient information for data extraction; (4) Family-based studies of pedigrees with several affected cases per family were also excluded, because their analysis is based on linkage considerations.
Data extraction
Two investigators (Qiliu Peng and Yu Lu) independently reviewed and extracted data from all eligible studies. To ensure the accuracy of the information extracted, the two investigators checked the data extraction results and reached consensus on all of the items. If different results were generated, they would check the data again and have a discussion to come to an agreement. If these two authors could not reach a consensus, another author (Xue Qin) was consulted to resolve the dispute and a final decision was made by the majority of the votes. Data extracted from eligible studies included the first author, year of publication, country of origin, ethnicity, genotyping method, matching criteria, source of control, breast cancer confirmation, total numbers of cases and controls and genotype frequencies of cases and controls. When data were otherwise unavailable, we contacted the corresponding author by e-mail for original information. Ethnic backgrounds were categorized as Caucasian, Asian, and Africans. When a study did not state the ethnic descendent or if it was impossible to separate participants according to such phenotype, the group reported was termed as "mixed ethnicity". Menopausal status was divided into premenopausal and postmenopausal and was additionally recorded for the stratified analysis.
Quality score evaluation
The quality of eligible studies was evaluated independently by two authors (Xue Qin and Qiliu Peng) according to a set of predefined criteria (Additional file 1: Table S1 ) based on the scale of Thakkinstian et al. [23] . The revised criteria cover the representativeness of cases, source of controls, ascertainment of breast cancer, total sample size, quality control of genotyping methods, and Hardy-Weinberg equilibrium (HWE) in the control population. Disagreements were resolved by consensus. Scores ranged from 0 (lowest) to 10 (highest). Articles with scores equal to or less than 6 were considered "low-quality" studies, whereas those with scores higher than 6 were considered "highquality" studies.
Statistical analysis
The strength of the association between OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms and breast cancer risk was assessed by odds ratios (ORs) with 95% confidence intervals (CIs). The significance of the pooled OR was determined by Z test and a p value less than 0.05 was considered significant. The association of OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms with breast cancer risk was assessed using additive models, recessive model, and dominant model. Heterogeneity assumption was checked by a chi-square-based Q-test [24] . A P h value equal to or greater than 0.10 for the Qtest indicates a lack of heterogeneity among studies, and so the fixed-effects model was used for the meta-analysis [25] . Otherwise, the random-effects model was used [26] . Subgroup analyses were performed by ethnicity, menopausal status, quality score, source of control, and HWE in controls. Sensitivity analysis was performed by sequential omission of individual studies. For each polymorphism, publication bias was evaluated using a funnel plot and Egger's regression asymmetry test. The distribution of the genotypes in the control population was tested for HWE using a goodness-of-fit Chi-square test. All analyses were performed using Stata software, version 12.0 (Stata Corp., College Station, TX). All p values were two-sided. To ensure the reliability and the accuracy of the results, two authors entered the data into the statistical software programs independently with the same results.
Results
Study characteristics
Based on our search criteria, 24 studies relevant to the role of OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms on breast cancer susceptibility were identified. Seven of these articles were excluded: one was a review [27] , one contained overlapping data [28] , two did not present sufficient data for calculating OR and 95% CI [29, 30] , and three were meta-analysis [15, 18, 19] . Manual search of references cited in the eligible studies identified 1 additional article [16] . As a result, a total of 18 relevant studies [16, 17, [20] [21] [22] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] met the inclusion criteria for the meta-analysis. Among them, two studies [32, 42] contained data on two different ethnic groups, and we treated them independently. Therefore, a total of 20 separate comparisons were finally included in the meta-analysis (Figure 1) . Of all eligible studies, 13 studies evaluated the OGG1 Ser326Cys polymorphism, 3 studies evaluated the APEX1 Asp148Glu polymorphism, and 4 studies evaluated OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms simultaneously. Therefore, a total of 17 studies including 9,040 cases and 10,042 controls were available for hOGG1 Ser326Cys polymorphism and 7 studies containing 2,979 cases and 3,111 controls were included for APE1 Asp148Glu polymorphism. Table 1 list all essential information such as the publication year, first author, country, ethnicity, sample size, genotyping methods, source of controls, matching criteria, and breast cancer confirmation for OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms. The genotype distributions of the controls in 2 studies [32, 41] were not consistent with HWE for OGG1 Ser326Cys polymorphism and 1 was not consistent with HWE for APEX1 Asp148Glu polymorphism [17] . Table 2 lists the main results of meta-analysis of OGG1 Ser326Cys polymorphism and breast cancer risk. The between-study heterogeneity was not significant in the overall populations and all subgroup analyses (all P h values were larger than 0.1), thus the fixed-effects model was used to pool the results. Overall, significant elevated breast cancer risk was not found when all studies were pooled into the meta-analysis. When stratified by quality score, source of control, and HWE in controls, significant increased breast cancer risk was also not detected in all subgroups. However, in subgroup analysis by ethnicity, significant increased breast cancer risk was found in Asians (Cys/Cys vs. Ser/Ser: OR = 1.157, 95% CI 1.013-1.321, P = 0.011; Cys/Cys vs. Ser/Cys + Ser/Ser: OR = 1.113, 95% CI 1.009-1.227, P = 0.014; Figure 2 ) but not in Caucasians. In stratified analysis by menopausal status, significant increased breast cancer risk was observed in postmenopausal patients (Cys/Cys vs. Ser/Cys + Ser/Ser: OR = 1.162, 95% CI 1.003-1.346, P = 0.024; Figure 3 ) but not in premenopausal subjects. Table 3 lists the main results of meta-analysis of APEX1 Asp148Glu polymorphism and breast cancer risk. When all 7 studies were pooled into the meta-analysis, there was no evidence of significant association between APEX1 Asp148Glu polymorphism and breast cancer risk 
Meta-analysis results
Sensitivity analysis
Sensitivity analysis was performed by sequential omission of individual studies for both OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms. For analyses of pooling more than three individual studies, the significance of ORs was not influenced excessively by omitting any single study (data not shown). For the OGG1 Ser326Cys polymorphism, sensitivity analysis was further performed by omitting the studies by Choi et al. [32] and Ming-Shiean et al. [41] in which the control populations were not in accordance with HWE. The significance of all ORs was not altered after excluding these two studies. For the APEX1 Asp148Glu polymorphism, a sensitivity analysis was also further performed by omitting the study by Kim et al. [17] in which the control populations were deviated from HWE, and the significance of all ORs was also not altered.
Publication bias
Begg's funnel plot and Egger's test were performed to access the publication bias in this meta-analysis. The shape of the funnel plot did not reveal any evidence of obvious asymmetry. Then, the Egger's test was used to provide statistical evidence of funnel plot symmetry. The results still did not suggest any evidence of publication bias in 
Discussion
Maintenance of genomic integrity by DNA repair genes is an essential component of normal cell homeostasis necessary to cell growth, differentiation, and apoptosis [7, 44] . Previous evidence indicated that reduced DNA repair capacity, due to various DNA repair gene polymorphisms, is associated with increased risk and susceptibility to cancers [45, 46] . BER pathway is one of the most important DNA repair mechanisms responsible for the repair of DNA damage. It was initiated by recognition and excision of damaged base by the specific DNA glycosylase. OGG1 and APEX1 are both central players in the BER pathway. Many epidemiological studies have been performed to evaluate the role of OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms on breast cancer risk; however, the results remained conflicting and contradictory. The conflicting results are possibly because of the small effect of OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms on cancer risk or the relatively low statistical power of individual published studies. To provide the most comprehensive assessment of the association between OGG1 Ser326Cys and APEX1 Asp148Glu polymorphisms and breast cancer risk, we performed this meta-analysis of all available studies. Our results suggested that the OGG1 Ser326Cys polymorphism was significantly associated with increased breast cancer risk in Asian populations and postmenopausal patients. However, our data did not support a significant association between APEX1 Asp148Glu polymorphism and breast cancer risk both in the pooled analysis and stratified analyses. This finding may be biologically plausible. Oxidative DNA damage induced by reactive oxygen species (ROS) is involved in the process of carcinogenesis. Reactive oxygen species could be generated from estrogen metabolism through catechol estrogen redox cycling [47, 48] . If not quenched, these reactive oxygen species may cause oxidative DNA damage and increase breast cancer risk. It has been suggested that 8-hydroxyguanine, a major product of oxidative DNA damage, plays an important role in carcinogenesis given its abundant and highly mutagenic properties [49] . 8-Hydroxyguanine is subjected to BER, especially via the 8-oxoguanine DNA glycosylase (OGG1) catalyzing the release of 8-hydroxy-2'-deoxyguanosine and the cleavage of DNA at the AP site. Variants in the OGG1 gene might alter protein structure or function or create alternatively spliced proteins which may influence BER efficiency and hence affect individual susceptibility to cancers. It was reported that the OGG1 326Cys variant enzyme have lower activity than the 326Cys enzyme [50] . More importantly, the homozygous variant genotype OGG1 326Cys has been shown associated with increased risk for many different types of cancers, including colorectal cancer [51] , hepatocellular carcinoma [52] and lung cancer [53] .
In the stratification analysis of ethnicity, we found an evidence for the association between the hOGG1 Ser326Cys polymorphism and breast cancer susceptibility among Asians but not Caucasians. A possible reason for the differences might be the different genetic backgrounds and gene-environment interactions. We observed a wide variation of the Cys allele frequencies of control resources in Asian (0.52) and Caucasian (0.24) population that were very close to that obtained from the HapMap Project (0.50 for CHB and 0.22 for CEU), and this different allele frequency might account for the discrepancies between the hOGG1 Ser326Cys polymorphism and breast cancer susceptibility among different ethnicity.
Previous evidence suggested that the menopausal status was one of the important risk factors for the development of breast cancer. So we carried out subgroup analysis according to menopausal status in this meta-analysis. Our results suggested a significant increased breast cancer risk in postmenopausal patients (Cys/Cys vs. Ser/Cys + Ser/ Ser: OR = 1.162, 95% CI 1.003-1.346, P = 0.024) but not in premenopausal subjects. Though results from available studies investigating OGG1 Ser326Cys polymorphism and breast cancer risk have been inconsistent, our results are consistent with the results of the large sample study by Sangrajrang et al. [37] . The most possible reason for this discrepancy in premenopausal and postmenopausal patients is that the OGG1 Ser326Cys polymorphism plays different roles in repairing oxidative DNA damage resulting from estrogen metabolism in patients with different menopausal status.
Some limitations of this meta-analysis should be addressed. First, in subgroup analysis by ethnicity, the included studies regarded only Asians and Caucasians for OGG1 Ser326Cys polymorphism. Data concerning other ethnicities such as Africans were not found. Thus, additional studies are warranted to evaluate the effect of this functional polymorphism on breast cancer risk in different ethnicities, especially in Africans. Second, our results were based on unadjusted estimates. We did not perform the analysis adjusted for other covariates such as age, obesity, drinking and smoking status, use of contraceptives, environment factors, and so on, because of the unavailable original data of the eligible studies.
Conclusions
The meta-analysis provided a more precise estimation based on larger sample size compared with the individual studies and previous meta-analysis. Our study suggested that OGG1 Ser326Cys polymorphism might contribute to breast cancer risk, especially in Asian populations and postmenopausal patients. In order to further verify our findings, large well designed epidemiological studies are warranted.
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